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1
ENHANCED HYDROGEN RECOVERY

FIELD OF THE INVENTION

This invention relates to processes for recovering and recy-
cling hydrogen within a processing unit, such as within a
hydroprocessing unit. More particularly, certain embodi-
ments of the invention relate to processes for recovering and
recycling hydrogen by routing a hydrogen containing stream
back into the processing unit via a pressure increasing device,
such as a thermocompressor or an ejector type device such as
a liquid jet ejector.

BACKGROUND OF THE INVENTION

Hydrogen is an expensive commodity. The efficient use of
hydrogen is very important to the economics of a hydropro-
cessing unit. In current designs of hydroprocessing units,
there is a significant amount of hydrogen that is currently not
being recovered, such as the hydrogen that ends up in the low
pressure fractionation section of either a hydrotreating or
hydrocracking unit. The present inventors have realized that if
this hydrogen could be economically recovered and recycled
to the makeup gas header, then it will reduce the amount of
makeup hydrogen that would be required, thus reducing the
operating cost associated with producing the hydrogen.

SUMMARY OF THE INVENTION

Thermocompressors provide a certain utility to process
design in that they combine two or more streams to elevate the
pressure of at least one stream. Thermocompressors can be
used in steam system applications, where high pressure steam
may be combined with low pressure steam to yield medium
pressure steam with a higher utility. The present invention
provides several applications for thermocompressors to solve
design shortcomings not heretofore recognized.

For example, a typical hydroprocessing unit looses hydro-
gen to fuel gas through solubility losses. Solubility hydrogen
losses arise because liquid products from the reaction section
are held at pressures high enough that hydrogen is dissolved
and carried into the fractionation section. Once in the frac-
tionation section at lower pressure, this hydrogen evolves out
of one of the fractionation vapor overhead systems (such as
the stripper overhead) where it is then routed to an end use,
typically as fuel gas.

The present inventors have realized that if this hydrogen
could instead be recovered for purification, such as in a Pres-
sure Swing Adsorption Unit (PSA) or other hydrogen purifi-
cation unit, then significant additional value could be real-
ized. For example, assuming a representative value of
recycling hydrogen to be about $900 per metric ton (marginal
value of recovering hydrogen vs. burning it as fuel gas), and
further assuming that a hydroprocessing unit has solubility
losses on the order of 2,000 tons of hydrogen per year, if
recovery of this hydrogen were feasible, approximately $2
million (USD) could be saved per year.

PSA units typically require their feed stream(s) to have a
pressure of about 400 psig. A typical hydroprocessing strip-
per overhead operates at around 100 psig. Thus, to recover the
hydrogen from solubility losses, the present inventors have
identified the problem to be how to elevate the hydrogen
pressure (which, in this example, involves elevating the pres-
sure from 100 psig to 400 psig). The current inventors realize
that one solution to this problem is to install a reciprocating
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compressor. However, the disadvantage of using a reciprocat-
ing compressor in this manner is that is not economically
lucrative.

Thus, there is a need for an economically efficient way to
recover hydrogen from a processing unit.

In order to overcome the problems mentioned above, the
present inventors have found that the required pressure
increase can be accomplished either via a liquid jet ejector, or
via thermocompression in one or more stages with a high-
pressure motive stream.

The present inventors also realized that application of ther-
mocompressors to such a system may also eliminate the need
for equipment to process the low-pressure off-gas that would
normally be produced. If the off-gas stream is combined with
another stream, then the unit design is reduced to processing
the single stream and the amount of equipment required is
decreased.

The present inventors also realize that there are similar
hydrogen solubility losses and therefore the potential for
recovery also exists in other processing units, such as Cata-
Iytic Reforming Unit Debutanizers, Fluid Catalytic Cracking
Unit (FCC) Main Columns, Hydrogen Once-Through (HOT)
units, Butane Isomerization, Pentane Isomerization, etc. In
theory, the same principles may be applied to any system with
hydrogen or other light gases desirable for recovery.

In certain embodiments, the present invention specifically
considers the application of thermocompressors to hydrogen
recovery from a traditional hydroprocessing stripper over-
head. Of course, other applications are also considered as
being within the scope of the invention.

More specifically, one aspect of the present invention
relates to a process for recovering hydrogen during hydropro-
cessing, where the process includes providing a pressure
increasing device to a hydroprocessing unit, wherein the pres-
sure increasing device utilizes a high pressure stream from
another component (such as a separator or a scrubber) for
increasing pressure; introducing a hydrogen containing
stream to the pressure increasing device, thereby increasing
the pressure of the hydrogen containing stream; and routing
the hydrogen containing stream from the pressure increasing
device to a vapor-liquid separator. The process related to this
aspect also includes separating the hydrogen from the hydro-
gen containing stream in a hydrogen purification unit to pro-
duce a recovered hydrogen stream; and using the recovered
hydrogen stream from the hydrogen purification unit within
the hydroprocessing unit.

Another aspect of the present invention relates to a process
for recovering hydrogen during hydroprocessing, where the
process includes providing a thermocompressor to a hydro-
processing unit, wherein the thermocompressor utilizes a
high pressure liquid stream from a separator for increasing
pressure; introducing an off-gas stream containing hydrogen
from a stripper receiver to the thermocompressor, thereby
increasing the pressure of the hydrogen containing stream;
and amine treating the hydrogen containing stream from the
thermocompressor in an amine scrubber. The process related
to this aspect also includes routing the hydrogen containing
stream from the amine scrubber to a pressure swing adsorp-
tion unit to produce a recovered hydrogen stream; and using
the recovered hydrogen stream from the pressure swing
adsorption unit within the hydroprocessing unit.

An additional aspect of the present invention relates to a
process for recovering hydrogen during hydroprocessing,
where the process includes providing a thermocompressor to
a hydroprocessing unit, wherein the thermocompressor uti-
lizes a high pressure liquid stream from a pump for increasing
pressure; introducing an off-gas stream containing hydrogen
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from a stripper receiver to the thermocompressor, thereby
increasing the pressure of the hydrogen containing stream;
and routing the hydrogen containing stream from the thermo-
compressor to a vapor-liquid separator. The process related to
this aspect also includes amine gas treating the hydrogen
containing stream from the vapor-liquid separator in an amine
scrubber; routing the hydrogen containing stream from the
amine scrubber to a pressure swing adsorption unit to produce
arecovered hydrogen stream; and using the recovered hydro-
gen stream from the pressure swing adsorption unit within the
hydroprocessing unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of an embodiment of the present
process shown using an ejector type device;

FIG. 2 is an illustration of an embodiment of the present
process shown using a thermocompressor;

FIG. 3 (which is divided into FIGS. 3A and 3B) is an
illustration of a second embodiment of the present process
shown using a thermocompressor

FIG. 4 is an illustration of a third embodiment of the
present process shown using a thermocompressor;

FIG. 5 is an illustration of a fourth embodiment of the
present process shown using a thermocompressor;

FIG. 6 is an illustration of a fifth embodiment of the present
process shown using a thermocompressor;

FIG. 7 is an illustration of a sixth embodiment of the
present process shown using a thermocompressor;

FIG. 8 is an illustration of a seventh embodiment of the
present process shown using a thermocompressor;

FIG. 9 is an illustration of a eighth embodiment of the
present process shown using a thermocompressor;

FIG. 10 is an illustration of an ninth embodiment of the
present process shown using a thermocompressor;

FIG. 11 is an illustration of a tenth embodiment of the
present process shown using a thermocompressor;

FIG. 12 is an illustration of a eleventh embodiment of the
present process shown using a thermocompressor; and

FIG. 13 is an illustration of an twelfth embodiment of the
present process shown using a thermocompressor.

DETAILED DESCRIPTION OF THE INVENTION

Various embodiment of the present invention will be
described while referring to FIGS. 1-14. Of course, other
embodiments, as well as variations and combinations of the
described and illustrated embodiments, are also envisioned.

Turning now to FIG. 1, a first embodiment of the present
process will be described. FIG. 1 shows an example of how
the present process can be incorporated into a hydroprocess-
ing unit, such as a hydrotreating unit or a hydrocracking unit.
As such hydroprocessing units are well known in the art, the
process flows and components of such units will not be
described herein, and only the portion and components of the
present process relating to recovering hydrogen will be
described in detail.

Inthe FIG. 1 embodiment, a pressure increasing device 10,
such as a high compression ratio liquid jet ejector (one
example of which is manufactured by Hijet International,
Inc., and is sold under the Hijector trademark) is provided to
compress a hydrogen containing stream, such as the off gas 12
from a stripper receiver 14, to the desired pressure so that it
can be routed to a vapor-liquid separator, such as a cold flash
drum 18. Of course, depending on the application, it is con-
templated that the pressure increasing device 10 could instead
be another ejector type device or a thermocompressor.

10

15

20

25

30

35

40

45

50

55

60

65

4

Inthe FIG. 1 embodiment, the hydrogen containing stream
12 is approximately 60 mole percent (mol %) hydrogen, and
the hydrogen containing streams for other applications/em-
bodiments are expected to contain other percentages of
hydrogen such as between approximately 25 mol % and
approximately 75 mol % or between the narrower range of
approximately 55 mol % and approximately 65 mol %.

Additionally, although in the FIG. 1 embodiment the
hydrogen containing stream 12 is described as being off gas
from the stripper receiver, other sources of such a low-pres-
sure hydrogen-rich stream are also contemplated for this
embodiment, as well as for the other embodiments. For
example, this stream could be obtained from equipment
downstream of the stripper receiver, from overhead vapor of
a debutanizer or a main fractionator, or it could be any low-
pressure hydrogen-rich stream from another processing unit.
Preferably, the line containing the hydrogen containing
stream 12 includes a control valve 13 between the stripper
receiver 14 and the pressure increasing device 10 to monitor
and adjust the flow rate as necessary.

Returning to FIG. 1, a separator, such as cold separator 22,
is shown as providing a high pressure stream 24 to the pres-
sure increasing device 10, and this high pressure stream 24 is
used for increasing the pressure of the hydrogen containing
stream 12 received from the stripper receiver 14. The line
carrying the high pressure stream 24 includes a control valve
15 between the cold separator 22 and the pressure increasing
device 10 to monitor and adjust the flow rate as necessary.
Additionally, cold separator liquid 21 from the cold separator
22 in excess of that required to compress the combined gas is
let down over a separate control valve 23 in parallel. In this
specific example, the high pressure stream 24 from the cold
separator 22 has a pressure of approximately 160 Barg and the
hydrogen containing stream 12 has a pressure of approxi-
mately 10 Barg. However, pressures of the high pressure
stream for other applications/embodiments are expected to be
between approximately 100 Barg and approximately 160
Barg, and pressures of the hydrogen containing stream for
other applications/embodiments are expected to be between
approximately 5 Barg and approximately 15 Barg, but other
pressures are also contemplated. Further, in this example, the
high pressure stream 24 is a liquid stream. However, the high
pressure stream could instead be a vapor stream, or a mix of
liquid and vapor, in any of the embodiments.

After the pressure increasing device 10 increases the pres-
sure of the hydrogen containing stream 12 by utilizing the
energy provided by the high pressure stream 24, the resultant
stream 28, which is at a moderate pressure (i.e., between that
of high pressure stream 24 and stream 12), is routed to the
cold flash drum 18, in this embodiment (or to another vapor
liquid separator, in other embodiments). In the FIG. 1
embodiment with the exemplary pressures and other param-
eters provided above, the pressure of stream 28 is approxi-
mately 28 Barg. However, in other applications/embodi-
ments, stream 28 is expected to be between approximately 25
Barg and approximately 30 Barg, but other pressure ranges
are also contemplated.

Ifhydrogen sulfide (H,S) is present in the vapor stream 32
exiting the cold flash drum 18, this stream is routed to an
amine scrubber 36 (or other amine treatment unit), where it is
amine treated in any conventional manner. The line contain-
ing the vapor stream 32 utilizes a control valve 25 between the
cold flash drum 18 and the amine scrubber 36 so as to monitor
and adjust the flow rate as necessary. After the amine treat-
ment step, which may be skipped if un-necessary, the hydro-
gen containing stream 40 is routed to a hydrogen purification
unit, such as a pressure swing adsorption (PSA) unit 44, for
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producing a recovered hydrogen stream 48. In the FIG. 1
embodiment with the exemplary pressures and other param-
eters provided above, the pressure of the recovered hydrogen
stream 48 is approximately 26 Barg. However, in other appli-
cations/embodiments, stream 48 is expected to be between
approximately 23 Barg and approximately 28 Barg, but other
pressure ranges are also contemplated. Further, although a
PSA unit is used in this embodiment, other methods of hydro-
gen purification are also contemplated, such as using a mem-
brane unit.

The recovered hydrogen stream 48 can then be routed back
into the hydroprocessing unit, such as to the make-up gas
header, thereby reducing the amount of makeup hydrogen
that would otherwise have been required. The recycle of
hydrogen containing stream 12 received from the stripper
receiver 14 also eliminates the need for other low-pressure
equipment to process stream 12.

Another benefit of the present process is improved LPG
and light naphtha recovery. The following computer simula-
tions were performed to show such improvements. First, a
computer simulation of a hydrocracking unit was designed
with all of the vessels necessary to practice the embodiment
detailed in FIG. 1, but lacking a pressure increasing device
(such as thermocompressor 10) and the other associated
equipment. This unit was also designed with an amine oft-gas
scrubber and sponge absorber to further process the stripper
off-gas before routing it to a fuel gas header. The amine
off-gas scrubber and sponge absorber serve to remove H,S,
and to recover additional LPG & light naphtha, from the
stripper off-gas, respectively. In this first design example, the
present process as detailed in the embodiment of FIG. 1 may
be applied with the off-gas taken from a point down-stream of
the sponge absorber. For the purposes of this first example,
this oft-gas has approximately the composition as shown in
Table 1 below.

TABLE 1
‘Water 1.5%
Hydrogen 4.8%
Cl &C2 72.6%
C3 & C4 10.4%
C5 & C6 4.4%
C7+ 6.1%

Off-Gas Flow: 6,200 Ibs/hr

TABLE 2
‘Water 0.7%
Hydrogen 14%
Cl &C2 80.3%
C3 & C4 5%
C5 & C6 0.0%
C7+ 0.0%

Recovered Gas to PSA: 2,200 lbs/hr

TABLE 3
‘Water 0%
Hydrogen 0%
Cl &C2 70%
C3 & C4 15%
C5 & C6 7%
C7+ 8%

Recovered Liquid to Stripper: 3,500 1bs/hr

A computer simulation of this first example was then run
after applying the present process. Tables 2 and 3 above show
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the marginal increase in recovery, where Table 2 shows the
breakdowns for a 2,200 Ib/hour increase in gas going to the
PSA unit and Table 3 shows the breakdowns for a 3,500
Ib/hour increase in the liquid going to the stripper. When the
present process is applied, and the off-gas is recovered via the
pressure increasing device (such as thermocompressor 10),
essentially all of the hydrogen in the off-gas stream is recov-
ered in vapor stream 40 that is routed to the PSA 44 for
hydrogen recovery; greater than 80% of the C3 & C4 (LPG)
and greater than 90% of'the C5, C6, & C7+ (light naphtha) are
recovered in the liquid stream (not shown) from the cold flash
drum 18. It should be noted that the non-hydrogen compo-
nents are removed in the PSA unit. With regard to Table 3, it
should be also be noted that the C2 and lighter compounds are
preferably routed back to the off gas and thus can be removed
in the PSA unit.

A second computer simulation of a second hydrocracking
unit was designed with all of the vessels necessary to practice
the embodiment detailed in FIG. 1, but again lacking the
pressure increasing device and other associated equipment.
For the purposes of this second example, the stripper oft-gas
in this case has approximately the composition as shown in
Table 4 below.

TABLE 4

‘Water
Hydrogen
H,S

Cl &C2
C3 & C4
C5 & C6
C7+

1%
1%
5%
12%
59%
22%
1%

Off-Gas Flow: 50,000 Ibs/hr

TABLE 5

‘Water
Hydrogen
H,S

Cl &C2
C3 & C4
C5 & C6
C7+

0%
5%
0%
39%
46%
9%
1%

Recovered Gas to PSA: 5,700 lbs/hr

TABLE 6

‘Water
Hydrogen
H,S

Cl &C2
C3 & C4
C5 & C6
C7+

0%
0%
4%
9%
62%
24%
1%

Recovered Liquid to Stripper: 43,000 1bs/hr

A computer simulation of this second example was then
run after applying the present process. Tables 5 and 6 above
show the marginal increase in recovery, where Table 5 shows
the breakdowns for a 5,700 Ib/hour increase in gas going to
the PSA unit and Table 6 shows the breakdowns for a 43,000
Ib/hour increase in the liquid going to the stripper. When the
present process is applied to this second example, and the
off-gas is recovered via the pressure increasing device (such
as thermocompressor 10), greater than 98% of the hydrogen
in the stripper off-gas stream is recovered in vapor stream 40
that is routed to the PSA 44 for hydrogen recovery; greater
than 90% of the C3 & C4 (LPG) and greater than 95% ofthe
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CS5, C6, & C7+ (light naphtha) are recovered in the liquid
stream (not shown) from the cold flash drum 18. Once again,
it should be noted that the non-hydrogen components are
removed in the PSA unit. With regard to Table 6, it should also
be noted that the C2 and lighter compounds are preferably
routed back to the off gas and thus can be removed in the PSA
unit.

Next, additional embodiments will be described below. In
these embodiments, components similar to those of FIG. 1
embodiment will utilize the same reference numbers. Also,
the description of processes and components similar to those
ofthe FIG. 1 embodiment will be omitted. It should be noted
that those of ordinary skill in the art will realize that it is
possible to combine features of different embodiments into a
single system.

In the embodiment as shown in FIG. 2, the application of
thermocompression to these streams eliminates the need for
some low-pressure equipment, including a fuel gas scrubber
and sponge absorber in this example. Similar novel applica-
tions may be applied to other systems based on their design
criteria.

In the embodiment of FIG. 2, the stripper overhead vapor
stream 12, which is a hydrogen containing stream, from the
stripper receiver 14 first enters the suction of a thermocom-
pressor 10 with a de-ethanizer overhead vapor 16 as its motive
force. En route to the thermocompressor 10, the line contain-
ing the stripper overhead vapor 12 stream includes a control
valve 13 to monitor and adjust parameters as necessary, as
well as heat exchanger 59, a cooling device 61, and a pressure
vessel 63. The stripper overhead vapor 12 and the de-etha-
nizer overhead vapor 16 are at pressures of approximately
100 psig and 250 psig, respectively.

The de-ethanizer overhead vapor stream 16 and the stripper
overhead vapor stream 12 routed to the thermocompressor 10
enter the suction of an additional thermocompressor 11 with
the cold separator liquid 27 as its motive force. Motive force
flow through the thermocompressor 11 would be monitored
by a control valve 15 such that a discharge pressure of
approximately 400 psig s attained, with an intermediate pres-
sure of approximately 150 psig, depending on the relative
rates of the stripper and de-ethanizer overhead vapors. Cold
separator liquid 27 in excess of that required to compress the
combined gas stream is let down over a separate control valve
23 in parallel.

The resultant stream 28 from the second thermocompres-
sor 11 is routed to a cold flash drum 18. The vast majority of
the of the resultant stream from the cold flash drum 18 will
pass overhead and will be routed to an off-gas scrubber 30 to
remove H,S and then will be routed to a PSA 44, or a similar
device, for hydrogen recovery. However, some of the com-
bined gas stream 28 resulting from the combination of the
stripper overhead vapor 12 and de-ethanizer overhead vapor
16, particularly the heavy components, may re-dissolve and
be recycled back to the stripper receiver 14. This recycle
stream 34 should be small because gas solubility in the cold
flash drum 18 will be mostly limited by temperature and
pressure. In addition, the recycle stream 34 passes through a
heat exchanger 38 and a control valve 25 between the cold
flash drum 18 and the stripper receiver 14 to monitor and
adjust the recycle stream 34 as necessary. This recycling step
of recovering the stripper overhead vapor 12 will decrease the
relative volatility of LPG in the cold flash drum 18 and will
result in higher . PG and light naphtha recovery. This embodi-
ment also includes a hot flash drum 45, a hot high pressure
separator 47, a cold high pressure separator and a cooling
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device 53, as well as other components, as depicted in the
figure, and these components operate in their customary man-
ner.

Another embodiment is shown in FIGS. 3A and 3B, this
“Hydrogen Once-Through (HOT) hydroprocessing” system
incorporates a thermocompressor to enable hydrogen recov-
ery from the stripper off-gas and eliminates a need for sepa-
rate low-pressure vessels to produce this off-gas.

In the FIG. 3A/3B embodiment, the hydrogen containing
stripper off-gas stream 12 is routed from the stripper receiver
14 to a thermocompressor 10. En route to the thermocom-
pressor 10, the line carrying the stripper off-gas stream 12
incorporates a control valve 13 to monitor and adjust stream
parameters as necessary. The stripper off-gas stream 12 is met
at the thermocompressor 10 with a high pressure stream 24
routed from a hot separator 42. Prior to reaching the hot
separator 42, the stream passes through various components,
such as heat exchangers 38 A and 38B, heater 39, and column
41, as shown in FIG. 3A/3B.

A control valve 15 is incorporated into the line carrying the
high pressure stream 24 between the hot separator 42 and the
thermocompressor 10 to adjust stream parameters as neces-
sary. Additionally, vapor from the high pressure stream 24 in
excess of that required to compress the combined gas at the
thermocompressor 10 is let down over a separate control
valve 23 in parallel.

The resultant stream 28 from the thermocompressor 10 is
combined with a vapor stream 43 containing leftover hydro-
gen from a hot flash drum 45. The combined stream of the
vapor stream 43 and stream 28 is then fed to a cold flash drum
18. The vast majority of the resultant stream from the cold
flash drum 18 will pass overhead and will be routed to an
off-gas scrubber 30 to remove H,S and will then be routed to
a PSA, or a similar device, for hydrogen recovery. However,
some of the combined stream, particularly the heavy compo-
nents, may re-dissolve and be subsequently routed to a cold
flash stripper 46. One of the resultant streams from the cold
flash stripper 46 is recycled back to the stripper receiver 14.
Finally, in between the cold flash drum 18 and the off-gas
scrubber 30 is a control valve 15 to monitor the parameters of
the stream.

The liquid stream 67 from the hot flash drum 45 is routed to
a hot flash stripper 68. The lower resultant stream 70 exiting
the hot flash stripper 68 is passed to product fractionator 72,
after passing through such components as pre flash drum 74,
which separates the stream into a stream 76, that is routed
directly to the product fractionators 72, and stream 78, which
passes through a heater 80, before being routed to fractionator
72, which separates the various products, as known in the art.
The FIG. 3 may also include various cooling devices, such as
devices 61A, 61B and 61C, and heat exchangers, as deemed
necessary.

Another embodiment is shown in FIG. 4, and in this
embodiment the stripper overhead vapor 12 (which contains
hydrogen) from the stripper receiver 14 first enters the suction
of'a thermocompressor 10 with a high pressure stream 24 as
its motive force. In between the stripper receiver 14 and the
thermocompressor 10, the line that carries the stripper over-
head vapor 12 stream incorporates a control valve 13 to moni-
tor and adjust parameters as necessary. The stripper off-gas
stream 12 and the high pressure stream 24 are at pressure of
approximately 150 psig and 2000 psig, respectively.

The stripper off-gas stream 12 and the high pressure stream
24 are routed to the thermocompressor 10. The high pressure
stream 24, which in this embodiment results from the hot
separator 50, is rated through a control valve 15 before the
stream is fed to the thermocompressor 10 so as to monitor and
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adjust the parameters of the high pressure stream 24 as nec-
essary. The resultant stream 28 from the thermocompressor
10 is routed to a hot flash drum 19. The hydrogen rich result-
ant stream 52 from the hot flash drum 19 is routed to a cold
flash drum 18, after passing through cooling device 53. The
cold flash drum 18 also receives a stream 51 from a cold
separator 22. Prior to the cold separator 22, the stream 49 has
passed from the hot separator 50, to a heat exchanger 59 and
then through a cooling device 61.

The majority of the resultant stream 55 will pass overhead
from the cold flash drum 18 to the amine scrubber 36. Once
the amine scrubber has removed H,S, the hydrogen rich
resultant stream 57 is routed from the amine scrubber to a
PSA or similar device, for hydrogen recovery.

Another embodiment is shown in FIG. 5, and in this
embodiment the stripper overhead vapor 12 (which contains
hydrogen) from the stripper receiver 14 is routed in combi-
nation with a high pressure stream 24 resulting from a cold
separator 22 to a thermocompressor 10. A control valve 13 is
incorporated into the line that carries the stripper overhead
vapor 12 stream before the thermocompressor 10 but after the
stripper receiver 14. In addition, in between the cold separator
22 and the thermocompressor 10, a control valve 15 has been
incorporated into the line carrying the high pressure stream
24. Both control valves 13 and 15 are used to monitor and
adjust the parameters of their respective streams as necessary.
Prior to the cold separator 22, this embodiment also includes
the hot separator 50, the heat exchanger 59, and the cooling
device 61, as in the FIG. 4 embodiment.

As can be seen in FIG. 5, the resultant stream 28 from the
thermocompressor 10 is routed to a cold flash drum 18. The
vast majority of the of the resultant stream from the cold flash
drum 18 will pass overhead and will be routed to an oft-gas
scrubber 30 to remove H,S and will then be routed to a PSA
or a similar device, for hydrogen recovery. The heavier com-
ponents remaining in the cold flash drum 18 will be routed to
a fractionation section for further processing.

Another embodiment is shown in FIG. 6 and in this
embodiment, the hydrogen containing stripper overhead
vapor stream 12 from the stripper receiver 14 is routed in
combination with a high pressure stream 24 resulting from a
cold separator 22 to a thermocompressor 10. A control valve
13 is incorporated into the line that carries the stripper over-
head vapor 12 stream before the thermocompressor 10 but
after the stripper receiver 14. In addition, the line carrying the
high pressure stream 24 includes a control valve 15 between
the cold separator 22 and the thermocompressor 10 so as to
monitor and adjust parameters of the stream as necessary. In
this embodiment, the high pressure stream 24 resulting from
acold separator 22 is a recycle gas purge, used to maintain the
hydrogen purity of a hydroprocessing unit’s recycle gas. The
stripper overhead vapor 12 and the high pressure stream 24
are at pressures of approximately 150 psig and 2000 psig,
respectively.

The resultant stream 28 leaves the thermocompressor 10 at
a pressure of approximately 450 psig and is subsequently
combined with a vapor stream 32 resulting from a cold flash
drum (not pictured). The combined stream of the resultant
stream 28 and the vapor stream 32 is fed to an off-gas scrubber
30 to remove H,S, and then is routed to a PSA (not pictured),
or similar device, for hydrogen recovery.

Turning now to FIG. 7, another embodiment is shown. In
this embodiment, the hydrogen containing stripper overhead
vapor stream 12 from the stripper receiver 14 is routed to a
thermocompressor 10 at a pressure of 150 psig. The stripper
overhead vapor 12 is combined with a wash water stream 54
at the thermocompressor 10. The water wash stream 54 is
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passed through a reciprocating wash water pump 56 before
being fed to the thermocompressor 10. A control valve 13 is
incorporated into the line that carries the stripper overhead
vapor 12 stream at a position before the thermocompressor
10, but after the stripper receiver 14. In addition, the line
carrying the wash water stream 54 utilizes a control valve 15
ata position before the thermocompressor, but after the recip-
rocating wash water pump 56.

The resultant stream 28 leaves the thermocompressor 10
and is routed to a cold separator 22. Before the resultant
stream 28 reaches the thermocompressor 10, it is combined
with a high pressure vapor stream 24 from hot separator 50,
which is fed through a heat exchanger before merging with
resultant stream 28. The combined high pressure vapor
stream 24 and the resultant stream 28 are routed to a cold
separator 22, wherein the majority of the resultant stream
from the cold separator will be a cold separator liquid stream
21. The minority of the resultant vapor stream will pass over-
head as a recycle gas at a pressure of approximately 2000
psig. The cold separator liquid 21 is routed to a cold flash
drum 18. The vast majority of the of the resultant stream from
the cold flash drum 18 will pass overhead at a pressure of 450
psig and will be routed to an off-gas scrubber 30 to remove
H,S and will then be routed to a PSA (not pictured), or a
similar device, for hydrogen recovery.

Another embodiment is shown in FIG. 8. In the FIG. 8
embodiment, the stripper overhead vapor stream 12 (which
contains hydrogen) from the stripper receiver 14 is routed to
athermocompressor 10 at a pressure of 150 psig. The stripper
overhead vapor stream 12 is combined at the thermocompres-
sor 10 with the lean amine stream 58, which is passed through
a high-head centrifugal lean-amine pump 60, or other type of
pump, before being routed to the thermocompressor 10. A
control valve 13 is incorporated into the line that carries the
stripper overhead vapor 12 stream at a location before the
thermocompressor 10, but after the stripper receiver 14. In
addition, the line for the lean amine stream 58 utilizes a
control valve 15 in a location before the thermocompressor 10
but after the high-head centrifugal lean-amine pump 60.

The resultant stream 28 is fed from the thermocompressor
10 to a recycle gas scrubber 31. A minority of the resultant
stream 28 fed to the scrubber 31 will pass overhead at a
pressure of 2000 psig as clean recycle gas. The scrubber 31
also receives stream 33 from a cold separator 22 (which has
previously been passed through a hot separator 50, a heat
exchanger 59, and a cooling device 61, as in some of the other
embodiments). The lower stream 35 from the cold separator
22 is routed to the cold flash drum 18. The hydrogen rich
stream 52 resulting from the cold flash drum 18 will pass
overhead at a pressure of 450 psig and will be routed to an
off-gas scrubber 30 to remove H,S. The resultant stream from
the off-gas scrubber 30 will be fed to a PSA (not pictured), or
a similar device, for hydrogen recovery.

FIG. 9 depicts yet another embodiment. In the FIG. 9
embodiment, the stripper overhead vapor stream 12 (which
contains hydrogen) from the stripper receiver 14 is routed to
a thermocompressor 10 at 150 psig. The stripper overhead
vapor stream 12 is combined at the thermocompressor 10
with the lean amine stream 58, which is passed through a
high-head centrifugal lean-amine pump 60 before being
routed to the thermocompressor 10. A control valve 13 is
incorporated into the line that carries the stripper overhead
vapor 12 stream at a location before the thermocompressor
10, but after the stripper receiver 14. In addition, the line for
the lean amine stream 58 utilizes a control valve 15 before the
thermocompressor 10, but after the high-head centrifugal
lean-amine pump 60. The resultant stream 28 is fed from the
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thermocompressor 10 to an off-gas scrubber 30 to remove
H,S it will then will be routed to a PSA (not pictured), or a
similar device, for hydrogen recovery. The FIG. 9 embodi-
ment also includes some of the same components and pro-
cesses as the FIG. 8 embodiment, such as cold separator 22,
recycle gas scrubber 31, etc., which need not be described
again as they perform in the same manner.

Another embodiment is shown in FIG. 10. In this embodi-
ment, the hydroprocessing system shown is essentially the
same as can be seen in FIG. 10. However, instead of a high-
head centrifugal lean amine pump, the FIG. 10 embodiment
utilizes an off-gas scrubber lean-amine pump 62. The off-gas
scrubber lean-amine pump 62 operates at a lower discharge
pressure than a high-head centrifugal pump.

FIG. 11 depicts still another embodiment. In the FIG. 11
embodiment, the hydrogen containing stripper overhead
vapor stream 12 from the stripper receiver 14 is routed to a
thermocompressor 10 at 150 psig. The stripper overhead
vapor stream 12 is combined at the thermocompressor 10
with a high head pressure stream 62 fed from a feed charge
pump 64. A control valve 13 is incorporated into the line for
the stripper overhead vapor 12 stream before the thermocom-
pressor 10 but after the stripper receiver 14. In addition, the
line carrying the high head pressure stream 62 utilizes a
control valve 15 at a location before the thermocompressor 10
but after the feed charge pump 64.

The resultant stream 28 is fed from the thermocompressor
10 to a reactor section 66. The resultant stream from the
reactor section 66 is routed to a hot separator 50. The resultant
stream 52 from the hot separator 50 is fed through a heat
exchanger 38, a cooling device 61, and then to a cold separa-
tor 22. The cold separator liquid 21 is routed to a cold flash
drum 18. The vast majority of the resultant stream from the
cold flash drum 18 will pass overhead at a pressure of 450 psig
and will be routed to an off-gas scrubber 30 to remove H,S,
and then will be routed to a PSA (not pictured), or a similar
device, for hydrogen recovery. The heavier components
remaining in the cold flash drum 18 will be routed to a frac-
tionation section for further processing. This embodiment
also includes a recycle gas scrubber 31 that receives the gas
stream 29 from the cold separator 22.

Another embodiment is shown in FIG. 12. The FIG. 12
embodiment is essentially the same as the FIG. 6 embodi-
ment, except that the FIG. 12 embodiment lacks the RG purge
feature. The FIG. 12 embodiment, like the FIG. 3 embodi-
ment, is also a Hydrogen once-through (HOT) hydroprocess-
ing system. Briefly, in the FIG. 13 embodiment, the hydrogen
containing stripper overhead vapor stream 12 from the strip-
per receiver 14 is routed to a thermocompressor 10 at 150
psig. The stripper overhead vapor stream 12 is combined at
the thermocompressor 10 with a high pressure stream 24 fed
from a cold separator 22. The high pressure stream 24 main-
tains a pressure of approximately 2000 psig. A control valve
13 is incorporated into the line for the stripper overhead vapor
12 stream before the thermocompressor 10 but after the strip-
per receiver 14. In addition, the line that carries the high
pressure stream 24 utilizes a control valve 15 at a location
before the thermocompressor 10 but after the cold separator
22. The resultant stream 28 from the thermocompressor 10 is
combined with a stream 32 from a cold flash drum (not
pictured). The combined stream is routed to an off-gas scrub-
ber 30 to remove H,S and then to a PSA (not pictured), or
similar device, for hydrogen recovery.

Another embodiment is shown in FIG. 13. In the FIG. 13
embodiment, the hydrogen containing stripper overhead
vapor stream 12 from the stripper receiver 14 is routed to a
thermocompressor 10 at 150 psig. The stripper overhead
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vapor stream 12 is met at the thermocompressor with a stream
40, which is the result of the combination of a semi-rich amine
stream 66 and a rich amine stream 68. The semi-rich amine
stream 66 is fed to the thermocompressor 10 by a feed charge
pump 64, and the rich amine stream 68 is a resultant stream
from a recycle gas scrubber 31. A control valve 13 is incor-
porated into the line for the stripper overhead vapor 12 stream
at a location before the thermocompressor 10 but after the
stripper receiver 14.

The resultant stream 28 from the thermocompressor 10 is
routed to a flash drum 72, operating at medium pressures of
approximately 450 psig. The resultant stream 73 from the
flash drum 72 will pass overhead at a pressure of 450 psig, and
will be routed to an off-gas scrubber 30 to remove H,S and
then to a PSA (not pictured), or a similar device, for hydrogen
recovery. The heavier hydrocarbon components remaining in
the flash drum 72 will be routed to the unit feed or refinery
slops, via stream 75. The rich amine in the flash drum 72 will
be routed to a regeneration unit via stream 77.

As described above, the present process specifically con-
siders the application of thermocompression to hydrogen
recovery from a traditional hydroprocessing stripper over-
head. Other applications, as noted previously, may also be
lucrative.

The processes described herein enable the recovery of
hydrogen from a hydroprocessing unit’s stripper off-gas. This
off-gas is hydrogen rich (typically about 50 mol % H,) and of
substantial volume (about 20% of that deemed lucrative to
recover from a hydroprocessing unit’s cold flash drum off-
gas). The hydrogen recovery described herein is believed to
result in substantial operational cost-savings. Additionally,
LPG recovery from the same stripper off-gas may also be
increased, owing to the decreased volatility of LPG in the
unit’s cold flash drum. Further, unit capital cost may also
decrease due to the elimination of equipment otherwise
required to process the stripper off-gas.

In summary, the processes described herein provide one or
more of the following features: (1) the ability to recover
valuable hydrogen that is capable of being purified in a PSA;
(2) decreased LPG and/or light naphtha losses to fuel gas; (3)
the ability to utilize a normally lost pressure-drop from the
cold separator to the cold flash drum (or other high-pressure
to low-pressure transitions; (4) the potential to eliminate the
need for equipment to process the low-pressure gas, such as
scrubbers, sponge absorbers, etc. (5) a reduction of the unit’s
total hydrogen consumption (Net+Solubility to Fuel Gas+
Mechanical Losses); (6) a reduction of the loads on existing
units and reduced new-design requirements of Steam-Meth-
ane Reforming Units, Catalytic Reforming Units, or other
hydrogen generators; (7) possible increases in complex-wide
efficiency and/or de-bottlenecking of a hydrogen-limited
complex; (8) the applicability to the revamping of old units;
and (9) increased flexibility in unit design. Depending on the
system, low-pressure gas thermocompression may enable
other novel process designs. The flexibility to recover hydro-
gen from a low-pressure system may also alleviate some
upstream or high-pressure design constraints and could result
in an overall more attractive unit design.

The processes described herein can also provide one or
more ofthe following positive aspects: (1) Solubility losses to
the fractionation section are somewhat limited by tempera-
ture and pressure, as opposed to equilibrium, so the potential
for hydrogen and light-ends to recycle and build-up in this
loop is limited. (2) Thermocompressors are inexpensive,
comparable in cost to a control valve in the same service. (3)
A design can utilize multiple thermocompressors in different
configurations in order to custom-fit a unit’s design needs. (4)
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Thermocompression is nearly isothermal. (5) The low cost of
thermocompressors can translate to a high return on invest-
ment rates.

While various embodiments of the present invention have
been shown and described, it should be understood that other
modifications, substitutions and alternatives may be apparent
to one of ordinary skill in the art. Such modifications, substi-
tutions and alternatives can be made without departing from
the spirit and scope of the invention, which should be deter-
mined from the appended claims.

What is claimed is:
1. A process for recovering hydrogen during hydroprocess-
ing, the process comprising:
providing a pressure increasing device to a hydroprocess-
ing unit, wherein the pressure increasing device utilizes
a high pressure stream for increasing pressure;

introducing a hydrogen containing stream to the pressure
increasing device, thereby increasing the pressure of the
hydrogen containing stream;
routing the hydrogen containing stream from the pressure
increasing device to a vapor-liquid separator; and

separating the hydrogen from the hydrogen containing
stream in a hydrogen purification unit to produce a
recovered hydrogen stream.

2. The process of claim 1, wherein the pressure increasing
device comprises a thermocompressor, and wherein the pro-
cess further comprises using the recovered hydrogen stream
from the hydrogen purification unit within the hydroprocess-
ing unit.

3. The process of claim 1, wherein the pressure increasing
device comprises a liquid jet ejector, and wherein the process
further comprises using the recovered hydrogen stream from
the hydrogen purification unit within the hydroprocessing
unit.

4. The process of claim 1, wherein the high pressure stream
is received from a separator.

5. The process of claim 4, wherein:

the separator comprises one of a hot separator and a cold

separator; and

the vapor-liquid separator comprises one of a hot flash

drum and a cold flash drum.

6. The process of claim 5, wherein:

the hydrogen containing stream of the introducing step

comprises an off-gas stream containing hydrogen from a
stripper receiver; and

the pressure increasing device utilizes a high pressure lig-

uid stream for increasing pressure.

7. The process of claim 6, wherein:

the high pressure liquid stream from the cold separator has

a pressure of between approximately 100 Barg and
approximately 160 Barg;

the pressure of the off-gas stream from the stripper receiver

has a pressure of between approximately 5 Barg and
approximately 15 Barg; and

the pressure of the hydrogen containing stream being

routed to the cold flash drum has a pressure of between
approximately 25 Barg and approximately 30 Barg.

8. The process of claim 6, wherein the off-gas stream
containing hydrogen includes between approximately 25 mol
% and approximately 75 mol % hydrogen.

9. The process of claim 2, wherein:

the high pressure stream is received from a separator;

the separator comprises one of a hot separator or a cold

separator; and

the vapor-liquid separator comprises one of a hot flash

drum or a cold flash drum.
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10. The process of claim 1, wherein the hydroprocessing
unit is a hydrocracking unit.
11. The process of claim 1, wherein the hydroprocessing
unit is a hydrotreating unit.
12. The process of claim 1, further comprising:
amine treating the hydrogen containing stream from the
vapor-liquid separator in an amine scrubber prior to
routing the hydrogen containing stream to the hydrogen
purification unit.
13. The process of claim 1, wherein the hydrogen purifi-
cation unit comprises a pressure swing adsorption unit.
14. The process of claim 1, wherein the high pressure
stream is received from a recycle gas scrubber.
15. A process for recovering hydrogen during hydropro-
cessing, the process comprising:
providing a thermocompressor to a hydroprocessing unit,
wherein the thermocompressor utilizes a high pressure
liquid stream from a separator for increasing pressure;
introducing an off-gas stream containing hydrogen from a
stripper receiver to the thermocompressor, thereby
increasing the pressure of the hydrogen containing
stream;
amine treating the hydrogen containing stream from the
thermocompressor in an amine scrubber; and
routing the hydrogen containing stream from the amine
scrubber to a pressure swing adsorption unit to produce
a recovered hydrogen stream.
16. The process of claim 15, further comprising:
routing the hydrogen containing stream from the thermo-
compressor to a first liquid-vapor separator;
routing the hydrogen containing stream from the first
vapor-liquid separator to a second vapor liquid separa-
tor;
routing the hydrogen containing stream from the second
vapor-liquid separator to the amine scrubber for said
amine gas treating; and
using the recovered hydrogen stream from the pressure
swing adsorption unit within the hydroprocessing unit.
17. The process of claim 15, wherein the second vapor-
liquid separator is a cold flash drum.
18. A process for recovering hydrogen during hydropro-
cessing, the process comprising:
providing a thermocompressor to a hydroprocessing unit,
wherein the thermocompressor utilizes a high pressure
liquid stream from a pump for increasing pressure;
introducing an off-gas stream containing hydrogen from a
stripper receiver to the thermocompressor, thereby
increasing the pressure of the hydrogen containing
stream;
routing the hydrogen containing stream from the thermo-
compressor to a vapor-liquid separator;
amine gas treating the hydrogen containing stream from
the vapor-liquid separator in an amine scrubber; and
routing the hydrogen containing stream from the amine
scrubber to a pressure swing adsorption unit to produce
a recovered hydrogen stream.
19. The process of claim 18, further comprising:
routing the hydrogen containing stream from the vapor-
liquid separator to a second vapor-liquid separator;
routing the hydrogen containing stream from a second
vapor-liquid separator to the amine scrubber for said
amine gas treating; and
using the recovered hydrogen stream from the pressure
swing adsorption unit within the hydroprocessing unit.
20. The process of claim 18, further comprising:
routing the resultant hydrogen containing stream from the
thermocompressor to a first vapor-liquid separator;



US 9,084,945 B2

15

routing the hydrogen containing stream from the first
vapor-liquid separator to a second vapor-liquid separa-
tor;

routing the hydrogen containing stream from the second
vapor-liquid separator to a third vapor-liquid separator;
and

routing the hydrogen containing stream from the third
vapor-liquid separator to the amine scrubber for said
amine gas treating.
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